Introduction {#j_jomb-2018-0014_s_001}
============

Hemoglobin A1c, (HbA1c) which is the major constituent of glycated hemoglobin, has been used in the follow-up of retrospective glycemia for years and in the diagnosis of diabetes mellitus nowadays ([@j_jomb-2018-0014_ref_001], [@j_jomb-2018-0014_ref_002]). As the relationship between glycemic control, HbA1c and complications related to diabetes mellitus was clearly shown, HbA1c test has gained a great importance ([@j_jomb-2018-0014_ref_003], [@j_jomb-2018-0014_ref_004]). By the help of the steps taken towards accurate measurement of HbA1c levels, a big progress was made in separation techniques in addition to immunoassay and enzymatic techniques ([@j_jomb-2018-0014_ref_005]). The target of these technological developments is to measure HbA1c levels accurately which will facilitate the monitoring the treatment of diabetes patients and diagnosis of diabetes mellitus.

As 0.5% change in HbA1c level is considered as a clinically significant change ([@j_jomb-2018-0014_ref_006], [@j_jomb-2018-0014_ref_007]), accurate measurement of HbA1c is crucial. Therefore, when making a clinical decision it is important to be sure that a change at HbA1c level is not due to analytical variation ([@j_jomb-2018-0014_ref_006]). In order to achieve this, medical laboratories use quality control programs. Proximity of the result of the internal and external quality controls to target value determines the accuracy of HbA1c test results. Data of quality control results carried out to determine systematic or random mistakes play a crucial role in quality controls in accuracy of measurements. Low bias (B) and coefficient of variation values (CV) are indicators of a good analytical performance. The CV derived from the internal quality control of the HbA1c analyzer should be less than 2% ([@j_jomb-2018-0014_ref_008], [@j_jomb-2018-0014_ref_009]). In the case that CV is higher than 2%, accuracy of 0.5% change in patient's HbA1c level may be unreliable ([@j_jomb-2018-0014_ref_006]). Therefore, in evaluating the analytical performance, more stringent quality control rules should be applied. Six sigma has been used in laboratories in the recent years in order to evaluate analytical performance ([@j_jomb-2018-0014_ref_010]). Sigma is calculated using CV, B and total allowable error (TEa), and Six-sigma allows 3.4 defects per million ([@j_jomb-2018-0014_ref_011]). With the aid of Six Sigma principles, it is possible to reach the desired quality in laboratory testing processes and measurements ([@j_jomb-2018-0014_ref_012]).

The aim of this study is to evaluate the analytical performance of Variant II Turbo HbA1c analyzer according to sigma metrics.

Materials and Methods {#j_jomb-2018-0014_s_002}
=====================

The study was made in Medical Biochemistry Laboratory of Bozyaka Research and Education Hospital between January-December 2015. One year HbA1c internal and external quality control data were collected for further statistical analysis.

Whole blood HbA1c testing was made by Variant II Turbo HbA1c analyzer (Bio-Rad Laboratories, Hercules, CA, USA) with the Variant II Turbo HbA1c kit from the same manufacturer which uses cation exchange high performance liquid chromatography.

Between run CV for normal and diabetic patients were 0.66% and 0.69%, respectively which were determined in a precision study that was written in the instruction manual of Variant II Turbo HbA1c Kit-2.0.

Two levels of internal quality control (IQC) materials were used daily with mean values 5.3% (range: 4.70--5.90%) and 9.8% (range: 8.60--11.0%) for Level 1 and Level 2, respectively (Lyphocheck Diabetes Control, Level 1 and Level 2, Bio-Rad Laboratories, Irvine, CA, USA). The lot number of the controls was same with the same mean values all the year. These ICQ materials were used every day before the routine determinations.

Monthly External Quality Assurance Service (EQAS) was provided from Bio-Rad (Hemoglobin Program, Cycle 12) which consisted of 4 different concentrations. Our peer group consisted of at least 88 participants each month.

Statistical analysis {#j_jomb-2018-0014_s_002_s_001}
--------------------

The mean, the standard deviation (SD) and coefficient of variation (CV)% levels were calculated every month from a total of 239 level 1 and 239 level 2 IQC data of 12 months between January-December 2015 by using SPSS 21.0 (SPSS Inc., Chicago, IL, USA) statistical program.

Monthly bias% was calculated from 12 External Quality Assessment (EQA) data which was performed monthly (Bio-Rad) by the following formula: \[(our result -- peer group mean)/peer group mean\] x 100. The mean bias was calculated by dividing bias% with 12.

In calculation of sigma values, 6% was used as TEa level which was suggested by both National Glycohemoglobin Standardization Program (NGSP) and Coll ege of American Pathologists (CAP) ([@j_jomb-2018-0014_ref_013]). The sigma values were calculated with the following formula: »sigma = (TEa% -- Bias%) / CV%« ([@j_jomb-2018-0014_ref_013]). The analytical performance of Variant II Turbo HbA1c analyzer was evaluated according to obtained sigma levels.

Results {#j_jomb-2018-0014_s_003}
=======

The results are considered on monthly basis and separately for each level of control material and are presented in *[Tables I](#j_jomb-2018-0014_tab_001){ref-type="table"}* and *[II](#j_jomb-2018-0014_tab_002){ref-type="table"}*. The mean, SD, CV% of level 1 and level 2 control results are shown in *[Table I](#j_jomb-2018-0014_tab_001){ref-type="table"}*. The mean CVs were 1.70% and 1.33% for level 1 and level 2, respectively. The Bias % of 12 EQAS results is shown in *[Table I](#j_jomb-2018-0014_tab_001){ref-type="table"}* The mean bias was 1.46%.

###### 

Mean, SD, CV% and Bias% values on monthly basis.

  Months      Level 1 IQC Mean: 5.3% (4.7%--5.9%)   Level 2 IQC Mean: 9.8% (8.6%--11.0%)   EQAS                               
  ----------- ------------------------------------- -------------------------------------- ------ ------ ------ ------ ------ ------
  January     5.3                                   0.03                                   0.55   10.0   0.07   0.65   0.01   1.21
  February    5.4                                   0.07                                   1.34   9.7    0.17   1.78   0.02   1.98
  March       5.4                                   0.19                                   3.46   9.8    0.25   2.53   0.00   0.44
  April       5.4                                   0.10                                   1.93   9.7    0.09   0.89   0.03   2.53
  May         5.2                                   0.10                                   2.00   9.7    0.09   0.96   0.01   1.00
  June        5.4                                   0.12                                   2.14   9.6    0.13   1.40   0.03   2.66
  July        5.5                                   0.08                                   1.43   9.8    0.22   2.19   0.02   2.47
  August      5.5                                   0.12                                   2.24   9.9    0.08   0.84   0.01   0.93
  September   5.5                                   0.09                                   1.68   9.9    0.08   0.86   0.02   1.62
  October     5.4                                   0.09                                   1.75   9.7    0.14   1.47   0.01   0.73
  November    5.5                                   0.13                                   2.37   9.7    0.07   0.74   0.02   1.71
  December    5.6                                   0.06                                   1.16   9.9    0.16   1.62   0.00   0.19

Abbreviations: SD: standard deviation, CV: coefficient of variation, IQC: internal quality control, EQAS: External Quality Assurance Service.

###### 

Sigma levels for Level 1 and Level 2 controls.

              Sigma (σ) (TEa=6%)   
  ----------- -------------------- -----
  January     8.7                  7.4
  February    3.0                  2.3
  March       1.6                  2.2
  April       1.8                  3.9
  May         2.5                  5.2
  June        1.6                  2.4
  July        2.5                  1.6
  August      2.3                  6.0
  September   2.6                  5.1
  October     3.0                  3.6
  November    1.8                  5.8
  December    5.0                  3.6

Abbreviations: TEa: total error allowable.

The calculated sigma levels are shown in *[Table II](#j_jomb-2018-0014_tab_002){ref-type="table"}* and presented in *[Figures II](#j_jomb-2018-0014_fig_002){ref-type="fig"}* and *III*. The mean sigma levels were 3.0 and 4.1 for level 1 and level 2, respectively.

Discussion {#j_jomb-2018-0014_s_004}
==========

As several scientific studies such as Diabetes Control and Complications Trial (DCCT), Epidemiology of Diabetes Intervention and Complications (EDIC) and United Kingdom Prospective Diabetes Study (UKPDS) have shown the relationship between glycemic control and complications related to diabetes mellitus clearly, HbA1c test which is an indicator of long term glycemic control has gained great importance ([@j_jomb-2018-0014_ref_006], [@j_jomb-2018-0014_ref_008]).

One of the main conditions of accurate measurement of HbA1c is to be in the allowable range in quality control studies and to narrow these ranges even further. The studies on the evaluation of analytical performance of HbA1c analyzers through sigma metrics are very limited in the literature ([@j_jomb-2018-0014_ref_013], [@j_jomb-2018-0014_ref_014], [@j_jomb-2018-0014_ref_015]). The use of sigma metrics could allow the measurement of HbA1c to be brought up to international standards. This will help clinicians to use HbA1c results with confidence for monitoring the treatment of diabetes patients and diagnosis of diabetes mellitus. According to the study on the development of quality control targets on measurements of HbA1c carried out by International Federation of Clinical Chemistry (IFCC) Task Force, sigma metrics model should be preferred and it was determined that sigma level should be at least 2 for HbA1c measurements in routine laboratories ([@j_jomb-2018-0014_ref_014]). According to the results of our study, Variant II Turbo HbA1c Analyzer that is used for routine HbA1c measurements in our laboratory is shown to have sigma level of 3 which is higher than the suggested level. In a survey conducted by CAP, the performance of 26 examination subgroups obtained from a total of 3187 laboratories was evaluated and it was seen that about two thirds of the method subgroups demonstrated quality of 2 sigma or less ([@j_jomb-2018-0014_ref_015]). EQAS data from 137 laboratories in Netherlands revealed that 70.1% of the laboratories met the criteria for sigma greater than 2 with a TEa of 6%. In the same study, mean sigma level of Variant II Turbo users was 1.3 ([@j_jomb-2018-0014_ref_016]). The performance of HbA1c analyzers in China was investigated and the results showed that 65.2% of participating 135 laboratories had sigma levels below 3 with a TEa of 8%, including Bio-Rad Variant systems ([@j_jomb-2018-0014_ref_017]). In a study carried out in Turkey, the sigma level for another HbA1c analyzer was found to be 1.19 calculated with a TEa of 10% which means lower sigma levels with TEa of 6%. ([@j_jomb-2018-0014_ref_018]). These results show that the Variant II Turbo HbA1c Analyzer that we use in our laboratory has a higher annual analytical performance than many of the other analyzers used worldwide. The high performance of Variant II Turbo HbA1c Analyzer has been observed in both level controls, especially in level 2 (*[Table II](#j_jomb-2018-0014_tab_002){ref-type="table"}*, *[Figures 1](#j_jomb-2018-0014_fig_001){ref-type="fig"}* and *[2](#j_jomb-2018-0014_fig_002){ref-type="fig"}*).

![Normalized sigma metric method decision chart for level 1 control.](jomb-38-033-g001){#j_jomb-2018-0014_fig_001}

![Normalized sigma metric method decision chart for level 2 controls.](jomb-38-033-g002){#j_jomb-2018-0014_fig_002}

According to the results of the evaluation of monthly sigma levels, we saw that sigma values in January are high. This may be due to the novelty of the Variant II Turbo HbA1c Analyzer. Since the analyzer was new and firstly used in our laboratory, all its adjustments were so fine that its measurements were perfect. The CV%'s of both IQC levels in January were 0.55 and 0.65, respectively and the bias was 0.01 which altogether resulted high sigma levels. As higher sigma levels mean better analytical performance, we thought that there is no problem.

It was also seen that sigma levels for the first control level in March, April, June and November and for second control level in July were lower than the targeted sigma level which is 2. When we searched the reason of low sigma levels in these months, it was observed that CV levels derived from the results of the internal quality control carried out in March, April, June and November for the first control level were 3.46%, 1.93%, 2.14% and 2.37%, respectively. For second control level CV in July was 2.19%. Observed Bias levels for March, April, June, July and November were 0.44%, 2.53%, 2.66%, 2.47% and 1.71%, respectively. We think that high CV levels combined with high bias in these months are the reason of low sigma levels. However our laboratory is not the only one obtained high CV levels. In a study carried out to evaluate the analytical performance of Variant II Turbo analyzer, CV was found to be 2.97% for low quality control and 1.81% for high quality control ([@j_jomb-2018-0014_ref_013]). These values are higher than the yearly average CV% that is observed in our study (*[Table I](#j_jomb-2018-0014_tab_001){ref-type="table"}*). In the CAP survey, the average subgroup CVs observed were 2.87%, 2.81% and 2.71% for three different control levels, respectively ([@j_jomb-2018-0014_ref_015]). At the same survey, the average CVs of 151 laboratories using Bio-Rad Variant II Turbo were 2.5%, 2.2% and 2.2% which are also higher than our laboratory mean CVs (NGSP web site). Analyzing the quality control results helped us to understand the reason why sigma levels were low in these months. Even though the results obtained from internal quality controls were very close to the mean, small deviations in measurements impact CV levels to increase. Therefore, it was understood that why optimal CV level should be lower than 2% ([@j_jomb-2018-0014_ref_019], [@j_jomb-2018-0014_ref_020]) and the bias should be as low as possible.

The clinicians should feel certain that the change in HbA1c result compared to previous measurement, provided by laboratory specialist, is the indicator of treatment success or failure but not due to the analytical variations in HbA1c measurement. To achieve this, HbA1c analyzer should have a high analytical performance. The fact that Variant II Turbo HbA1c analyzer that is used in our laboratory has been shown to have an acceptable mean sigma level, creates confidence on our HbA1c results provided by our laboratory. This will enable us to contribute to prevention or delay of any complication that may arise due to the strategy changes of the treatment carried out based on HbA1c levels. This target can be achieved through obtaining appropriate sigma levels.
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